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Abstract
 .A cDNA clone encoding the mouse counterpart to adult hamster liver purified growth inhibitory factor PGIF was
isolated from a mouse liver cDNA library by using antibodies raised against PGIF and sequenced. It contained a single open
reading frame with a coding capacity for a 323 amino acid protein. Sequence analysis showed that it shared high homology
with rat- and human liver arginases: the cDNA clone was 92% identical for rat arginase at the nucleotide level and was 93%
identical to it at the deduced amino acid level. These results suggest that PGIF derived from adult hamster liver was
identical or closely related to an isoform of hamster liver arginases.
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A growth inhibitory factor was purified almost
w xhomogenously from adult hamster liver 1 . The fac-
 .tor was found 1 to have a molecular mass of 37
 .kDa, 2 to cause reversible arrest of SV40 trans-
formed 3T3 predominantly in the G0rG1 phase of
the cell cycle at the concentration of approx. 0.9
 .mgrml, 3 to occur exclusively in the nuclear and
 .cytoplasmic fractions of hepatocytes, and 4 not to
be detected in the nuclei under certain conditions
such as regenerated or neonatal hamster liver. Re-
Abbreviations: PGIF, the adult hamster liver purified growth
inhibitory factor; SDS-PAGE, SDS polyacrylamide gel elec-
trophoresis.
) Corresponding author. Fax: q81-6-9727749.
cently, we have reported a possible intranuclear bind-
ing of the factor with underphosphorylated Rb pro-
w xtein 2 . These findings strongly suggest that the
inhibitory factor plays important roles in some nu-
clear events related to cell cycle progression.
We decided to clone the cDNA for the inhibitory
factor to enable us to study the function of the factor
in normal and pathological states and, further, to
understand whether this factor could be involved in
the progression of cell cycle.
In this paper we adopted a mouse liver cDNA
library instead of hamster liver cDNA library for its
commercial availability. In preliminary experiments
the antibodies raised against the adult hamster liver
 .purified growth inhibitory factor PGIF was found to
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crossreact with the partially purified mouse liver
growth inhibitory factor with a molecular mass of 37
 .kDa by Western blot analysis data not shown . Then
a mouse liver cDNA library constructed in the lZAPp
 .expression vector Stratagene was screened with the
affinity purified monospecific rabbit polyclonal anti-
bodies to PGIF.
Screening of 4=105 plaques of the lZAPp li-
brary resulted in the isolation of 10 clones represent-
ing at least 8 distinct classes of overlapping clones on
the basis of the insert size. The DNA was purified
separately from these clones and sequenced by stan-
w xdard methods 3 .
The nucleotide sequence of approx. 1.2 kilobase
pair cDNA encoding a mouse counterpart to PGIF is
shown in Fig. 1. The open reading frame starts with
ATG at nucleotide 121 and terminats with TGA at
nucleotide 1090. It encodes a 323 amino acid residues
with a predicted molecular weight of 36 880. This
value is in agreement with the molecular mass of
 . w xPGIF 37 kDa determined by SDS-PAGE 1 . The
antibodies cross-reacted with the mouse counterpart
to PGIF, indicating sequence similarity between the
mouse counterpart and PGIF. This was subsequently
confirmed in part by comparison of the deduced
amino acid sequence for the mouse cDNA clone with
the analysed amino acid sequence of the internal
peptide fragments Frag. 1: 197–210, Frag. 2: 211–
224, and Frag. 3: 285–323 named for the order from
.the C-terminal from PGIF prepared by endopro-
 .teinase Lys-C Boehringer treatments. The analysed
amino acid sequences of Frag. 1, 2, and 3 had a 83%,
a 100% and a 85% identity, respectively, with the
individual regions of the deduced amino acid se-
quence of the cloned DNA which were supposed to
 .correspond with each fragment Fig. 2 .
In separate experiments the NH2-terminal of PGIF
was found to be blocked. Potential sites for N-linked
 .carbohydrate addition Asn-X-ThrrSer were located
at positions 60 and 279. In addition, a putative nu-
w xclear translocation signal 4 was detected at position
222. Sequence analysis showed a high grade of ho-
mology to human and rat arginases. Comparison of
the deduced amino acid sequences of the mouse
cDNA clone, rat and human arginases is shown in
Fig. 2. The cDNA clone is 92% identical with that of
the rat liver arginase at the nucleotide sequence level.
The deduced amino acid sequence homology of the
Fig. 1. Nucleotide and deduced amino acid sequences of the
cloned cDNA. The nucleotide sequence of the cloned mouse
cDNA is numbered in the 5X to 3X direction and amino acid
numbers beginning with the first residue encoded by the open
reading frame are indicated at the right side. Potential N-glyco-
sidic linkage sites are underlined and a putative nuclear transport
signal is doubly underlined.
cDNA clone to the rat and human arginases is 93%
and 87%, respectively.
We then determined the arginase activity of PGIF,
finding that the factor actually demonstrated the en-
zyme activity 104 Urmg protein, ns2, 1 U s1
.mmol urea released from argininermin by the
w xmethod as previously described 7 .
To test the function of the product from the cloned
cDNA, we adopted the glutathione-S-transferase gene
 .fusion system Pharmacia Biotech to express the
cDNA. The cloned protein thus prepared showed
 .arginase activity 26 Urmg protein, ns2 and al-
most the same migration velocity on SDS-PAGE as
 .that of PGIF Fig. 3 . The protein, also, demonstrated
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 .similar growth inhibitory effect ;97%, ns2 on
SVHF to that of PGIF on the basis of the enzyme
 .activity level 0.1 Urml of the growth medium
under the experimental conditions reported previ-
w xously 1 .
The inhibition of proliferation of culture cells from
rabbit liver or kidney by the liver cytosol was investi-
gated following the first paper by Lieberman and Ove
w x8 and the inhibitory principal in the cytosol was
w xidentified as arginase 9,10 . Some of the earlier
studies related to the effect of arginase on cell growth
w xand cellular function were reported 11–13 . It is
conceivable that arginase has some undiscovered ad-
ditional functions other than the function as a key
enzyme in the urea cycle.
It remains for future studies to establish whether
the arginase of PGIF in nuclei is actually involved in
cell cycle progression or not, by using the cDNA
clone isolated here as useful tools.
Fig. 3. SDS-PAGE of the exprssed protein and PGIF. The
proteins were visualized by Coomassie-Blue staining after SDS-
PAGE. Lane 1: standard proteins, lane 2: the expressed protein,
lane 3: PGIF.
Fig. 2. Comparison of the deduced amino acid sequence of the mouse cDNA clone with those of human- and rat liver arginases. Amino
w x w xacid sequence of human liver arginase is from Haraguchi et al. 5 and that of rat enzyme is from Kawamoto et al. 6 . A gap is introduced
 .to increase the similarity and matching amino acids are boxed. The amino acid sequence of the internal fragments Frag. 1, 2, and 3 from
 .PGIF prepared by the endopeptidase digestion followed by HPLC is shown. The asterisks ) indicate amino acid residues which are
different from the residues deduced from the cDNA clone.
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